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The colony of a hydrozoan Cytaeis uchidae is found associated with and attached 
on the shell surface of the gastropod Niotha livescens. Close symbiotic relations was 
found between the differentiation of C. uchidae from the gastropod N. livescens. 
In the investigations, it was found that the medusa of C. uchidae differentiated 
when the soft part or the body of N. livescens was separated or removed from the 
shell (Hirai and Kakinuma, 1970). In the present paper, the details of the 
symbiotic relations between the differentiation of C. uchidae from N. livescens is 
reported. 
Before going further, the anthers thank Miss Keiko Narita and Miss Ikulw 
Osaka of the laboratory for their earnest assistance in the present experimental 
investigations. 
MATERIALS AND METHODS 
The gastropod Niotha livescens with a colony of the hydrozoan Cytaeis 
ttchidae was obtained from shallow water of the sandy shore at Oura near the 
station. Many individuals of N. livescens gathered for feeding on the cut pieces 
of fish which were scattered on the sandy shallow bottom near the shore. The 
observation of the life-cycles of the materials was carried out in the field and on 
the materials which were placed on the sandy bottom in the glass aquarium of the 
circulation system provided with the foods of fish for N. livescens and of brine 
shrimp for C. uchidae in the laboratory. The experimental observations were 
carried out on the materials which were obtained from the field and kept in the 
laboratory. 
1) Contributions from the Marine Biological Station, TOhoku University, Aomori City, 
No. 388. 
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OBSERVATION 
Appearance and maturation of N. livescens in the field. 
From 1969 to the next year the appearance and maturation of N. livescens in 
the field were observed. The materials were obtained until the 22nd of October in 
1969 in sea water temperature of about l 8°C, but none could be found after 
December 2nd when the water t emperature was about 10°C. The materials did 
not appear until the 5th of June of the next year when the water temperature was 
about J6-l8°C; on this day only one specimen was collected. Then on t he 24th 
of June in 1970 72 materials were obtained; the sea water temperature was 
about l7°C. From the observations, it was considered that N . hvescens appears 
nearly at the surface of the ~andy bottom in June when the sea water temperature 
becomes higher than l 5°C, and disappears at the end of t he year. On the other 
hand, there could be observed animals which migrated to about 10 em depth of 
the sanely bottom in the glas,; aquarium in the laboratory in the winter season, 
and in the field in summer many N . livescens were observed creeping on t he surface 
of the bottom. 
The egg masses of N. livescens were observed in the laboratory on the 19th 
of July in 1968, and on the 3rd of August in 1970 (Fig. 1 a). In 1970, the young 
ones which passed the veliger stage were observed creeping on the surface of t he 
glass 16 days after liberation of the egg mass (Fig. lb). 
Oytaeis ttchidae attachecl on the. gast1·opod shell of N. livescens . 
The colony of the hydrozoan Cytaeis uchidae was found associat ed with the 
shell of Niotha livescens. The stolon of 0 . uchidae was observed creeping in the 
grooves of the fine reticulate structure of the shell of N . livescens, and the most of 
polyps appeared at t he inter-section of t he transverse and longitudinal grooves 
though the polyps appeared at irregular parts of the stolon in the colony which \Vas 
placed in the laboratory for long time and feel with the brine shrimp (Fig. 2). 
Abundant medusa buds appeared on the stolon from the end of June to August or 
to September in the field and in the laboratory . Even after the season of medusa 
format ion sometimes a fe·w medusa buds were visible in the colony. 
Experimental observations of tmnsplantation of the colony of 0. uchiclae. 
l) Transplantation of a part of the colony of 0. 1whiclae on the glass surface: 
In September 1969, only a few medusa buds were visible in the colony of the 
material. A polyp with some stolons was removed from t he material and trans-
planted on the bottom surface of the petri-dish. After one or two clays, the 
polyp attached on t he glass surface of the dish. Sufficient food of brine shrimp was 
given to the transplanted polyp. After 13 days, several medusa buds appeared 
without the increase of the polyps (Fig. 3a). After 18 days, two polyps and two 
medusa buds appeared with non-expanded stolons. After 24 days, t hree polyps 
and two medusa buds appeared with not so expanded Rtolonfl. After about 50 




Fig. l. Development of N iotha livescens. a . Egg masses on the glass Scale 1 mm. 
b. Youngone 16 days after hatching. About 0.9 mm in body length. . 








Fig. 2. Pat tern of the colony of Cytaeis uchidae on the shell surface of Niotha livescens. 
Stolon creeps along the groove of t he shell. Polyps are shown by 0. 
a 
b c 
F ig. 3. A part of the stolon which was t ransplanted on some substra ta. a Apart of 
stolon which was transplanted on t he glass . Appearance of medusa buds. The polyp is 
about 1.5 mm in height. b. A part of the stolon which was transplanted on vinyl chloride 
plate. c. A part of t he stolon which was transplnated on the shell of 1l'Iytilus sp. 
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days 14 polyps, and no medusa buds were observed, and then t he colony 
disappeared. The transplantation of the colony on the glass surface was tried 
again , but the colony did not expand, even though many medusa buds appeared. 
The transplanted colonie~; disappeared within t\\'O months. 
2) Transplantation of a part of a colony on a vinyl chloride plate with the 
reticulate structure: 
The counterparts of t he grooves of the reticulate structures were sculptured on 
the surface of the vinyl chloride plate. A part of the colony which contained t hree 
polyps was transplanted on the surface of the plate. The transplanted colony 
expanded a little with an increase to eight polyps within 12 clays. But aft er 13 
days, t he polyps begun to decrease and became three in number, and the colony 
disappeared after about a month. No medusa buds were visible. A par t of the 
expanded stolon elongated along the sculptured groove, but the other stolons 
expanded irregularly independt>nt of the grooves (Fig. 3b). 
3) Transplantation of a part of the colony on the shell of Mytilus : 
Parts of the colony were transplanted on t he out side and inside surface of the 
shell valve of Mytiltts sp. The colonies expanded a little but they moved to 
the peripheral brim of the shell. Three medusa buds appeared but the colonies 
disappeared within 62 days (Fig. 3c). 
4) Transplantation of a part of the colony on the dried shell of N . livescens: 
Three parts of the colony each of which contained five polyps were transplanted 
on the c;bell surfaee of N . livescens which was dried for more t han two years and 
immersed in the sea water for four days before transplantation. The result 
Tesembled that of the transplantation on the shell of Mytilus. The colonieR 
expanded but floon retired, this was repeated continuously for about two months. 
The stolon was irregular and not always elongated along the groove. No active 
formation of the medusa bud could be observed. 
5) Transplantation of a part of the colony on the shell of N . livescens from 
which soft part. was removed: 
From the living N . livescens with the colony of C. uchidae the soft part or the 
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F ig. 4. Two parts of the stolon which were transplant ed on t he shell of N. livescens 
from which sof t part was removed. After 22 days. 
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body was removed. Two shells without soft parts were immersed in fresh wat~r for 
two days, then the colonies of a. uchidae were scraped off from the shell by the 
brush, Thereafter two parts of the colony which contained two polyps respectively 
were transplanted on the two shell surfaces. In one case, the transplanted colony 
expanded, and after 15 days four polyps and six· medusa buds were observed. 
The stolon begun to elongate along the groove. After 22 days, the polyps increased 
to 19, and three medusa buds were observed (Fig. 4). In this colony the polyps 
which appeared at the inter-sections of the grooves were eight and those which 
appeared at irregular places numbered 11. This colony was alive for more than 
three months, but showed no distinct expansion. The stolon did not run along 
the groove but was densely crowded, and frequently many medusa buds appeared. 
In the other case a similar result was obtained. In those cases some expansion 
of the transplanted colonies were observed, but it was difficult to say that the 
colony expanded distinctly when they were compared with the result of the next 
experiment. 
6) Transplantation of a part of the colony on the shell of N. livescens with the 
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Fig. 5. A part of the colony which was transplanted on the shell of N. liv~cens with 
the soft part. After 21 days. 
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The colony of a. uchidae on the shell surface of N. livescens with tlie soft part 
was scraped off by the brush in September 1969. Then a part of the colony of 
a. uchidae with two polyps was transplanted on the postero-dorsal part of the 
gastropod shell surface. The stolons elongated along the grooves and most of the 
polyps appeared at the inter-sections. After 14 days, 24 polyps and a medusa bud 
were observed .. After 21 clays, the colony expanded distinctly, and 64 polyps 
on the mter-sectwns and four polyps at the irregular parts were observed (Fig. 5). 
Then the colony continued expansion along the grooves all over the shell surface 
until a normal colony was completed. Frequently only one or three medusa buds 
were observed. When the colony after 21 days of this experiment was compared 
with the colony which expanded on the shell without the soft part after 22 clays, 
marked difference of expansion between those two colonies were found as shown 
Figs. 4 and 5. 
7) Transplantation of a part of the colony on the glass with N. livescens: 
As described above, the colony which was transplanted on the glass conld 
hardly expand though many medusa buds appeared. In March 1970, the polyps 
were transplanted in three petri-dishes a, b and c respectively. The polyps attached 
on the glass bottom were kept in sea water of about 22'0 and provided with 
sufficient foods. In the glasses a and b, a gastropod N. livescens was mixed 
with the transplanted stolons respectively. In the glass c, no gastropod was mixed . 
From the colony transplanted in the glass c without the gastropod, about ten 
m~dusae liberated within ten days, and the colony expanded a little for 25 days 
(Fig. 6a). Then the colony became destroyed leaving the empty theca of the 
stolon. 
In the glass a and b the gastropod kept creeping on the surface of the glass 
bottom and crowling over the attached colony. In those glasses, well developed 
anastomosing stolons were observed though the polyps numbered only four 
within 25 days. After two months, a colony expanded irregularly to 2.5 em in 
diameter with about 350 polyps, and the stolons were anastomosing and densly 
crowded (Fig. 6b ). At this time, the gastropod was removed from the glass a. 
After two weeks of removal of the gastropod, many medusa buds appeared on the 
colony. This colony kept alive for about two months with the medusa buds 
though the buds decreased gradually, and began to degenerate after about two and 
a half months. On the other hand, the colony with a few medusa buds in the 
glass b with the gastropod kept alive for more than a month. In this colony, 
many stolons which appeared vertically with swollen tips from the colony were 
observed. That the colony could not alive so long perhaps depended on the 
disturbance by the gastropod. 
In the experimental observations, it was noted that the colony transplanted 
on thle glass was hard to expand, and it became destroyed after many medusa buds 
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Fig. 6. Parts of t he colony of C. uchidae which were transplanted on glass. a. A pa.rt 
of the colony which was transplanted on t he glass without a creeping N. livescens. After 
about 25 days. The colony is shown by an arrow. b . Parts of the colony whiCh were 
transplanted on the glass with a creeping N. livescens. After about two months. The 
petri-dish is 9 em in diamet~r. 
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appeared. In t he transplanted colony on the glass with t he creeping gastropod, 
many stolons appeared and these elongated irregularlly and the colony expanded 
with an increase of the polyps and a few medusa bud~. On the other hand, when 
the creeping gastropod was removed from this colony, numerous mudusa buds 
appeared. 
Separation of the colony of C. uchidae on the shell of N . livescens f?·om the soft part 
or the body of the latte?· (Hirai and K akinuma 1970). 
The medusa bud of·C. uclu:dae appeares from the end of July to August or to 
September. The observations of the separation of the colony of C. uchidae on 
the shell of N . livescens from the soft part or the body of the lat ter were carried out 
on the materials after September. In this season-off of the appearance of the 
medusa bud, distinct medusa buds were not visible though a few were observed in 
the colony . There are two methods to separate the soft part of the gastropod 
from the colony . The one is to remove the living soft part or the body from the 
gastropod, and the other is to strip off the pieces of the shell from the gastropod . 
I ) Appearance of the medusa buds in the colony of C. uchidae, when the 
living soft part of N . livescens was removed: In September 1969, the living soft 
part or the body of t he gastropod was removed from the shell on which the 
colony of C. uchidae attached. The empty shell was kept in the sea water at 
about 22°0. After 23 days, numerous medusa buds appeared in the colony, 
especially under the peripheral margin of the shell, and the polyps disappeared 
from the dorsal part of t he shell. After liberation of the medusa for about a week, 
the buds decreased gradually and only four or five remained. On the other 
hand, on the normal shell with the soft part, only a fe,v buds were observed in the 
colony but they also disappeared. 
2) Appearance of medusa buds in the colony of C. uchidae on the piece of shell 
which was stripped from the living N . livescens : In September and October 1969, 
the shell pieces of N. livescens with the colony of C. ttchidae were broken and 
stripped from t he living gastropod . The pieces of the shell with the colonies were 
kept in the sea water of about 21- 24°0 which was changed every day, with suffi-
cient food. After a week, about 20 medusa buds appeared in the colonies on the 
pieces of the shell, and the polyps began to degenerate. After about 17 days, 
more than 1,000 medusae liberated from a colony, and the polyps began to disap-
pear though some of them moved to the inner surface of the shell peice. On the 
other hand, in the colonies of the control of N . livescens with the soft part, no 
medsa bud was observed (Fig. 7). 
3) No appearance of medusa bud in the colony of C. uchidae on the piece of 
shell which was stripped from the living N. livescens: I n October 1969, the shell 
pieces of N. livescens with the colony of C. uclu:dae were broken and stripped from 
the living gastropod. The pieces of the shell with the colony were kept in the 
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F ig. 7. Diffe rentiation of medusa buds in a colony of Cytaeis uchidae adhering on a 
piece of a shell of Niotha livescens (Hirai and K a kinuma, 1970). 
a. A colony of 0 . uchidae on a control shell of N. livescens with the soft part . No 
medusa bud is observed. The polyp is about 1.2 mm in height. 
b . Numerous medusa buds on a piece of shell. T he developed bud is about 0.5 mm in 
height. 
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sea water at about 21- 24 °C a,; in t he same method mentioned above. In the 
present experiment a living gastropod waR added to the same petri-dish. The 
gastropod kept creeping on the bottom surface over the shell piece. In t he 
control, the shell piece without the gastropod, numerous mednsa buds 
appeared after nine days. But no medusa buds was observed in the colony on the 
shell piece with tl1e creepinf[ gastropod. This result resembles that of transplanta-
tion on the glass with or without the cteeping gastropod as mentioned above. 
In these three expertmental observations from l) to :-! ), it was found that the 
medusa of C. ~whidae difTerentiaterl when t he soft part of N . l-ivcscens was separated 
or removed from the shell, and that the medusa did not appear when the colony 
kept close contact with t he soft part in the season-off of the medusa formation . 
CONSIDERATION 
The colony of a hydrozoan Cytaeis uchirlae was found associated with a 
gastropod Niotlw livescens. The authors investigated the symbiotic relations for 
differentiation of the organs of C. ttehiclae with N. livescens in the life-cycle of C. 
ucht:dae. 
DijfeTentiation of the colony of C. ucht"dae. 
The colony of C. uchiclae was found attached on the shell surface of N . 
livescens. The stolon runs along the grooves of t he fine reticulate structure of the 
shell, and most of t he polyps appear at the inter-sections of the grooves. In the 
present experimental investigations, parts of the colony which were transplanted 
on glass, vinyl chloride plate, shell of Mytilus sp., dried shell of N . livescens and 
shell of N . livescens from which t.he soft part or the body was removed, did not 
regenerate to the regular pattern of the colony on the living N. livescens with 
the soft part. The colony transplanted on most of those substrata, showed 
no distinct expansion, and in some cases the medusa buds appeared independently 
of the season. In the case when the colony was transplanted on the shell of N . 
livescens from which the soft part was removed, the colony expanded more than 
in the other cases, but the expansion and the pattern of the colony were not so 
distinct as the colony which was transplanted on the shell of N . livescens with t he 
living soft part. The colony transplanted on the substrata except the shell of N. 
livescens with the living soft part, could not keep alive for a long t ime t hough the 
colony unfavourably kept alive in the case of transplat ing on the fresh shell from 
which the soft part was removed. From those observations it was considered 
that the differentiation of the colony of C. uchidae depends on the close contact 
with the soft part or the body of N. livescens. It is also considered that the 
substance secreted from the soft part with the sculpture of the shell of N. livescens 
have intimate relations for the differentiation and the life of the colony of C. 
uchidae. 
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Differentiation of medusa bud of 0. uchidae. 
In 1969 and 1970, the medusa bud of 0. uchidae appeared from the end of 
July to August or to September in the field and in the laboratory. Mter this 
season, from about September to June of the next year, only a few medusa buds 
were visible. During the season-off of the medusa formation, numerous medusa 
buds differentiated from the living shell of N. livescens from which the living soft 
part or the body was removed. Numerous medusa buds also appeared from the 
colony on the shell piece which was broken and stripped from the gastropod. The 
medusa bud appeared also in the colonies which were transplanted on the glass, on 
the shell of Mytilus sp., and on the shell of N. livescens from which the soft part 
was removed. The numerous medusa buds differentiated in the expanded colony 
which was transplanted on the glass with the creeping gastropod when this creeping 
gastropod was removed from the colony. In those observations, the medusa bud 
differentiated in the colony which was separated from the soft part or the body of 
N. livescens. 
On the other hand, the medusa bud except a few was not visible naturally in 
the colony on the normal gastropod during the season-off of medusa formation, 
and in the expanded colony which was transplanted on the glass with the creeping 
gastropod as long as the gastropod kept creeping. The same result was obtained 
in t.he colony on the shell peice which was borken and stripped from the living 
gastropod with the creeping gastropod. From those facts, it is considered that 
the living soft part or the body, especially the secreting substance of the body, of N. 
livescens inhibits the differentiation of the medusa bud of 0. uchidae after the 
season of medusa formation. 
Relation between life-cycle of 0. uchidae and that of N. livescens for the differentiation 
of medusa bud. 
The gastropod N. livescens with the colony of 0. uchidae appeared on the 
sandy surface in June when the sea-water temperature was about 16-17'0 and 
disappeared in December when the temperature dropped to 10'0. The egg 
masses of N. livescens were observed during the end of July to early August. The 
distinct medusa buds of 0. uchidae were observed during the end of July to 
August or to September. In the other season from July to August or to September, 
no medusa bud was visible except for a few in the materials which were collected 
from the field and were kept in the laboratory with sufficient food. Both seasons 
of breeding of N. livescens and of the medusa formation of 0. uchidae were nearly 
the same in summer. As mentioned above, in the other season of medusa forma-
tion, the medusa buds were differentiated when the soft part or the body of N. 
livescens was separated. On this fact, it is supposed that the soft part or the body 
of N. livescens seems to act as an inhibitor for the differentiation of the medusa bud 
of 0. uchidae in the other season of the natural medusa formation. The season of 
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the medusa formation corresponds to the breeding season of N. li,•escens. In this 
season. it was supposed that the inhibiting factor of N. livescens for the differentia-
tion of the medusa bud of 0. ucMdae will disappear by the change of physiological 
activity of the body, especially of the secreting substance, of N. livescens in 
breeding. 
In the present investigation, it was found that the life-cycle of the hydrozoan 
Oytaeis uchidae is controled by the body of the gastropod _Viotha livescens as the 
differentiation of a hy&ozoan Proboscidactyla sp. is controled by the body of 
Pseudopotamilla occelata (Hirai, 1960, Hirai and Kakinuma 1969). 
SUMMARY 
The colony of the hydrozoan Oytaeis uchidae was found associated with the 
gastropod Niotha livescens. The symbiotic relations between differentiation of 0. 
uchidae with N. livescens in the life-cycle of the former were investigated. When a 
part of the colony of 0. uchidae was transplanted on several kinds of substrata, the 
colony showed normal expansion and pattern and kept alive only on the surface of 
the shell of living N. livescens. The medusa bud differentiated when the body of 
the gastropod was removed during the season-off of medusa formation. In some 
experimental observations on the differentiation of 0. 'whidae, it was supposed 
that the differentiation of 0. uchidae is controled by the physiological activity of the 
body in the life-cycle of N. livescens. 
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